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TITLE OF THE INVENTION 

LIGHT EMITTING ELEMENT DRIVING CIRCUIT 
RELATED APPLICATION 

This is a Continuation-In-Part application of 
5 international application PCT/ JP02/10548 filed October 

10, 2002. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a light emitting 
10 element driving circuit. 

Related Background Art 

It has been generally carried out to write 

information into a storage medium such as a CD-R, CD-RW, 

etc., by driving a light emitting element such as a 
15 laser diode, etc. In order to shorten this writing 

time, the width of pulses for driving the light 

emitting element must be shortened. 

SUMMARY OF THE INVENTION 

When the pulse width for driving the light 
20 emitting element is shortened, the amount of light to 

be irradiated to a predetermined place of a storage 

medium per unit time is reduced in connection with the 

reduction of the pulse width. Accordingly, it is 

necessary to increase the intensity of light emitting 
25 per unit time in order to perform a high-speed pulse 

driving operation. 
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In order to increase the emitting light intensity^ 
driving current for the light emitting element may be 
increased. However, in this case, large-size 

transistors, wires, etc., are required, and thus the 
5 parasitic capacitance in the driving circuit is 

increased. The increase of the parasitic capacitance 
lengthens the pulse rise-up time or falling time, so 
that the effective pulse width is increased. As 
described above, in the conventional light emitting 

10 element driving circuit as described above, there is a 

restriction on the high-speed driving operation under 
the state where the emitting light intensity of the 
light emitting element is enhanced. 

Of course, there is a method for supplying weak 

15 DC current to the light emitting element in advance to 

shorten the rise-up time of the pulses. However, such 
a method does not provide a drastic improvement. 

The present invention has been implemented in 
view of the above problem, and has an object to provide 

20 • a light emitting element driving circuit which can 
drive a light emitting element at high speed. 

In order to solve the above problem, according to 
the present invention, a light emitting element driving 
circuit for supplying driving current to a light 

25 emitting element connected to one line of a current 

mirror circuit having two parallel lines, is 
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characterized by comprising: a pulse generating circuit 
connected to the other line so that pulse current flows 
through the other pulse; and superposing first 
auxiliary pulse current on the pulse current in 
5 synchronization with the- rise-up time of the pulse 

current. 

It is known that the current mirror circuit 
comprises two transistors and has two parallel lines. 
The magnitude of current flowing through one line is 

10 coincident with or proportional to the magnitude of 

current flowing through the other line under a 
stationary state. Accordingly, if the magnitude of the 
current flowing through the other line is controlled, 
the magnitude of the current flowing through the light 

15 emitting element connected to the one line can be 

controlled. 

When a predetermined voltage is applied to the 
control terminal of a transistor, that is, when a 
predetermined voltage is applied between the. base and 

20 the emitter in the case of a bipolar transistor or 

between the source and the gate in the case of an 
electric field effect transistor, current flows through 
a transistor connected to the other line, and 
proportional current flows through the one transistor 

25 and thus the driving current is supplied to the light 

emitting element. 
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When pulse current flows through the other line 
by a pulse generating circuit, pulse current is 
supplied to the light emitting element connected to the 
one line, and the light emitting element, which is 
5 concerned, emits light- In the driving circuit 

described above, the superposing means superposes the 
first auxiliary pulse current on the pulse current 
concerned in synchronization with the rise-up time of 
the pulse current. In addition to the pulse current, 

10 the first auxiliary pulse current flows through the 

other line of the current mirror circuit. Therefore, 
the gate-s'ource voltage of the transistor constituting 
the current mirror circuit is rapidly charged. 
Accordingly, the current flowing through the one line 

15 of the current mirror circuit rises up rapidly. This 

current is supplied to the light emitting element, and 
sharp rise-up light emission can be performed. 

The pulse generating circuit is connected so that 
the pulse current flows . through the other line of the 

20 current mirror circuit. There may be proposed various 

connections and constructions for this. As one 
preferable example, a construction may be provided 
where the pulse generating circuit generates a pulse 
voltage for controlling a switch connected to the other 

25 line of the current mirror circuit in series. In this 

case, since the concerned switch is switched on/off by 
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the pulse voltage, the pulse current flows through the 
other line by the switching. 

Various constructions may be considered for the 
superposing means. As one preferable construction, the 
5 superposing mean comprises a differentiating current 

for differentiating a pulse voltage output from the 
pulse generating circuit and inputting .the pulse 
voltage thus differentiated to the other line of the 
current mirror circuit, and the first auxiliary pulse 

10 current is generated in accordance with the output of 

the differentiation circuit. When the pulse voltage is 
differentiated, positive output current and negative 
output current occur at the rise-up time and falling 
time of the pulse voltage. This current is set as the 

15 first auxiliary pulse current at the rise-up time. 

In the light emitting element driving circuit of 
the present invention, it is preferable that the 
downstream side of the other line of the current mirror 
circuit is connected to a current source for defining 

20 current flowing through the concerned line. In this 

case, the maximum value of the current flowing through 
the concerned line is stabilized by the regulation of 
the current source, and thus the intensity of the 
emitting light of the light emitting element is 

25 stabilized. 

Furthermore, as another preferable example of the 
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construction of the superposing means, a construction 
where the superposing means comprises a one-shot 
circuit for outputting one shot pulse voltage in 
synchronization with the rise-up time of the pulse 
5 voltage, and a transistor which has a control terminal 

supplied with the shot pulse voltage and is connected 
to the downstream side of the other line of the current 
mirror circuit may be considered. At the rise-up time 
■of the pulse voltage, the shot pulse voltage is input 

10 to the control terminal of the transistor, so that the 

first auxiliary pulse current flows into the transistor 
in accordance with the shot pulse voltage and it is 
superposed on the pulse current described above. 

Furthermore, the downstream side of the other 

15 line of the current mirror circuit is branched, and one 

of the branched lines is connected to a first 
transistor for defining current flowing through the 
concerned line, and the superposing means comprises a 
one-shot circuit for outputting a one shot pulse 

20 voltage in synchronization with the rise-up time of the 

pulse voltage, and a second transistor which has a 
control terminal supplied with the shot pulse voltage 
and is connected to the downstream side of the other 
line of the branched lines. A third transistor for 

25 defining current flowing through the second transistor 

is connected to the downstream side of the second 
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transistor, and the control terminals of the first and 
third transistors are mutually connected to each other. 

The control terminals of the first and third 
transistors are connected to each other. Therefore, 
5 when the voltage applied to one control terminal is 

varied, the voltage applied to the other control 
terminal is proportionally varied. The first 

transistor defines the current flowing through the 
branched line from the other line of the current mirror 

10 circuit, that is, main pulse current, and the third 

transistor defines the auxiliary addition current 
generated by the shot pulse voltage, that is, the first 
auxiliary pulse current, so that the main pulse current 
and the first auxiliary pulse current are varied to 

15 maintain a proportional relationship with each other. 

That is, in this construction, even when the driving 
current is increased, the first auxiliary pulse current 
is prevented from being relatively reduced. 

The superposing means may superpose negative 

20 second auxiliary pulse current on the pulse current in 

synchronization with the falling time of the pulse 
current. In this case, the driving current falls 
sharply. 

Oscillation is liable to occur when the light 
25 emitting element is driven at high speed. However, if 

a source follower circuit is connected to one line of 
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the current mirror circuit, oscillation caused by 
variation of the driving current can be suppressed, and 
the high-speed driving of the light emitting element 
can be stably performed. 

Furthermore, if a light emitting element driving 
circuit for supplying driving current to a light 
emitting element connected to one line of a current 
mirror circuit having two parallel lines is equipped 
with a pulse generating circuit, which is connected to 
the other line so. that pulse current flows, and 
superposing means for superposing the pulse current on 
auxiliary pulse current in synchronization with the 
falling time . of the pulse current, the falling time of 
the driving current can shortened. 

Still furthermore, it is preferable that the 
light emitting element driving circuit of the present 
invention is equipped with a source follower circuit 
connected to the one line of the current mirror circuit, 
and a current setting circuit for setting current so 
that the current flowing through the source follower 
circuit is substantially proportional to current 
flowing through the other line of the current mirror 
circuit. In this case, by merely carrying out the 
setting in the current setting circuit, the current 
supplied from the current mirror circuit to the light 
emitting element and the current supplied from the 
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source follower circuit can be made substantially 
proportional to each other. That is, when the current 
supplied from the current mirror circuit to the light 
emitting element is substantially equal to zero, • the 
5 current supplied from the source follower circuit to 

the light emitting element is substantially equal to 
zero - 

Still furthermore, it is preferable that the 
current setting circuit has a current controlling 
10 transistor equipped to the other line of the current 

mirror circuit, and the transistor and the source 
follower circuit are connected to each other so that 
the current source for supplying current to the source 
follower circuit is controlled by an input to the 
15 control terminal of the transistor. In this case, the 

construction of the circuit is easy. 
BRIEF DESCRIPTION OF" THE DRAWINGS 

Fig. 1 is circuit diagram showing a light 
emitting element driving circuit according to a first 
2 0 embodiment . 

Fig. 2A is a timing chart showing the output of a 
pulse generating circuit. 

Fig. 2B is a timing chart showing Ml and M2 gate 
charging current. 
25 Fig. 2C is a timing chart showing driving current. 

Fig. 2D is a timing chart of a light output. 
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Fig. 3 is a circuit diagram of a light emitting 
element driving circuit according to a second 
embodiment . 

Fig, 4 A is a timing chart of the output of a 
5 pulse generating circuit. 

Fig. 4B is a timing chart of Ml and M2 gate 
charging current. 

Fig. 4C is a timing chart showing driving current. 
Fig. 4D is a timing chart of a light output. 
10 Fig. 5 is a circuit diagram showing a one-shot 

circuit 31 for output-ting one shot pulse voltage at the 
rise-up time. 

Fig. 6 is a circuit diagram showing a light 
emitting element driving circuit according to a third 
1 5 embodiment . 

Fig. 7A is a timing chart of the output of a 
pulse generating circuit. 

Fig. 7B is a timing chart of Ml and M2 gate 
charging current. 
20 Fig. 7C is a timing chart of driving current. 

Fig. 7D is a timing chart of a light output. 
Fig. 7E is a timing chart showing the output of a 
pulse generating circuit. 

Fig. 7F is a timing chart of Ml and M2 gate 
25 charging current. 

Fig. 7G is a timing chart of driving current. 
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Fig. 7H is a timing chart of a light output - 

Fig. 8 is a circuit diagram showing a light 

emitting element driving circuit according to a fourth 

embodiment . 

5 Fig. 9A is a timing chart showing the output of a 

pulse generating circuit. 

Fig. 9B is a timing chart of Ml and M2 gate 
charging current. 

Fig. 9C is a timing chart of driving current. 
10 Fig. 9D is a timing chart of a light output. 

Fig. 10 is a circuit diagram showing a light 
emitting element driving circuit according to a fifth 
embodiment. 

Fig." IIA is a timing chart of Ml and M2 gate 
15 changing output . 

Fig. IIB is a timing chart of a light output. 
Fig. lie is a timing chart of a light output. 
Fig. 12 is a circuit diagram showing a light 
emitting element driving circuit according to a sixth 
20 embodiment. 

Fig. 13 is a circuit diagram showing • a one-shot 
circuit 31a for outputting one shot pulse voltage at 
the falling time. 

Fig. 14 is a circuit diagram showing a basic 
25 source follower circuit which has been hitherto well 

known . 
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Fig. 15 is a circuit diagram showing a light 
emitting element driving circuit in which the source 
follower circuit shown in Fig. 14 is connected to a 
read channel. 

5 Fig. 16 is a circuit diagram showing a light 

emitting element driving circuit achieved by adding a 
transistor m2 of the light emitting element driving 
circuit shown in Fig, 14 with a current source Sil for 
supplying variable current il. 
10- Fig. 17 is a circuit diagram showing a light 

emitting element driving, circuit. 

Fig. 18 is a circuit diagram showing a light 
emitting element driving circuit having the same 
function as Fig. 17. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

A light emitting element driving circuit 
according to the present invention will be described 
hereunder. The same elements are represented by the 
5 same reference numerals, and overlapping description is 

omitted . 

(First Embodiment) 

Fig. 1 is a circuit diagram of a light emitting 
element driving circuit according to a first embodiment. 

10 Fig. 2A is a timing chart of the output of a 

pulse generating circuit. Fig. 2B is a timing chart of 
Ml and M2 gate charging current. Fig. 2C is a timing 
chart of driving current and Fig. 2D. is a timing chart 
of a light output. 

15 The light emitting element driving circuit is 

equipped with a current mirror circuit 12 having two 
parallel lines 1 and 2. 

It is known that the current mirror circuit 12 
comprises two transistors Ml and M2 and has two 

20 parallel lines 1 and 2. The magnitude of current 

flowing through one line 2 is routinely coincident with 
or proportional to the magnitude of current flowing 
through the other line 1. Accordingly, when the 
magnitude of the current II flowing through the other 

25 line 1 is controlled, the current 12 flowing through 

the light emitting element 10 connected to the one. line 
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2 can be controlled. 

The transistor Ml and M2 of this embodiment 
comprises p-channel type MOS electric field effect 
transistor, however, it may be a bipolar transistor. 
5 When a predetermined voltage is applied to the 

control terminals of the transistors Ml and M2, that is, 
a predetermined voltage is applied between the base and 
the emitter in the case of a bipolar transistor or 
between the source and the gate in the case of an 

10 electric field effect transistor, current flows through 

the transistor Ml connected to the other line 1, and 
current proportional to the current flowing through the 
transistor Ml flows through the transistor M2 . 
Accordingly, driving current is supplied to the light 

15 emitting element 10. The light emitting element 10 of 

this embodiment is a laser diode, however, it may be a 
light emitting diode. 

According to this embodiment, the light emitting 
element driving circuit of this embodiment for 

20 supplying the driving current 12 to the light emitting 

element 10 connected to one line 2 of the current 
mirror circuit 12 is equipped with a pulse generating 
circuit 20 connected to the other line 1 so that pulse 
current flows thereto, and superposing means 30 for 

25 superposing first auxiliary pulse current on the pulse 

current in synchronization with the rise-up time of the 
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pulse current and superposing second auxiliary pulse 
current on the ' pulse current in synchronization with 
the falling time of the pulse current. The first 
auxiliary pulse current and the second auxiliary pulse 
5 . current flow in a forward direction and in a reverse 

direction with respect to a main pulse current flowing 
through the line 1 before superposition. 

When the pulse current flows through the other , 
line 1 by the pulse generating circuit 20, the pulse 
10 current is supplied to the light emitting element 10 

connected to* the one line 2, and the light emitting 
element 10 emits light- In the driving circuit of this 
embodiment, the superposing means 30 superposes the 
first auxiliary pulse current on the pulse current in 
15 synchronization with the rise-up time of the pulse 

•current, and superposes the second auxiliary pulse 
current on the pulse current in synchronization with 
the falling time of the pulse current. 

In addition to the pulse current, the first 
20 auxiliary pulse current flows through the other line 1 

of the current mirror circuit 12. Furthermore, in 
■addition to the pulse current, the second auxiliary 
pulse current in the reverse direction flows through 
the line 1. Accordingly, the control terminals of the 
25 transistors used for the current mirror circuit are 

rapidly charged/discharged, and the current for driving 
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the light emitting element 10 rises up or falls sharply. 
As a result, the light emitting element 10 carries out 
sharp rise-up/falling light emission. 

The pulse generating circuit 20 is connected to 
5 the other line 1 of the current mirror circuit 12 so 

that the pulse current flows thereto. Various 
connections and constructions may be considered. 

In this embodiment, the pulse generating circuit 
20 generates a pulse voltage for controlling a switch 

10 (transistor) Ql connected to the other line 1 of the 

current mirror circuit 12 in series (Fig. 2A) . 

In this case, since the switch Ql concerned is 
switched on/off by the pulse voltage, the pulse current 
il flows through the other line 1 by this switching 

15 operation (Fig. 2B) . The drain and gate of the 

transistor Ml are connected to each other. Under the 
state where no current flows, the potential of the gate 
is set to power source potential Vcc, and the 
capacitance between the gate and the source is charged 

20 by the pulse current flowing through the line 1 

immediately after the switch Ql is switched on, and the 
potential of the gate is gradually reduced to be lower 
than Vcc. When the switch Ql is switched off, an 
inverse operation is carried out, and no current flows 

25 in principle. 

Here,, the principle means as follows. Even when 
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the switch Ql is under an off-state, a transistor in 
which weak DC current flows may be adopted. 
Furthermore, since the switch Ql is a transistor, by 
applying a predetermined weak DC voltage to the control 
5 terminal of the transistor, the weak DC current can be 

made to flow through the transistor even when the 
switch Ql- is kept under an OFF-state. 

Various constructions may be also cons-idered for 
the superposing means 30. 

10 In this embodiment, the superposing means 30 

comprises a differentiation circuit for differentiating 
the pulse voltage output from the pulse generating 
circuit 20 and inputting the pulse voltage thus 
differentiated to the other line 1 of the current 

15 mirror circuit 12, and the first auxiliary pulse 

current described above is generated in accordance with 
the output of the differentiation circuit which is 
concerned. The differentiation circuit 30 is equipped 
with a capacitor C between the input and output thereof, 

20 and the differentiating operation' is carried out by the 

charging/discharging of the capacitor C and a proper 
resistor connected to the output side of the capacitor 
C. 

In this embodiment, the output of the pulse 
25 generating circuit 20 is shaped in waveform by a 

waveform shaping circuit 40, and then input to the 
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capacitor C. The waveform shaping circuit 40 of this 
embodiment is an inverting and amplifying circuit, and 
converts the level and polarity of the auxiliary pulse 
current at the superposition time to a desired state. 
5 The differentiation circuit 30 may be equipped with a 

resistor at the downstream side of the node point 
between the differentiation circuit 30 and the current 
mirror circuit. However, a transistor located at the 
downstream side of the node point concerned 
10 substantially takes charge of the function of such a 

resistor . 

When the pulse voltage output from the pulse 
generating circuit 20 is differentiated by the 
differentiation circuit 30, positive and negative 

15 currents occur at the rise-up time and falling time of 

the pulse voltage. The current at the rise-up time is 
the first auxiliary pulse current AiF, and the negative 
second auxiliary pulse current AiR at the falling time. 
Fig. 2B is a timing chart showing these auxiliary pulse 

20 currents as charging currents to the gates of the 

transistors Ml and M2 . 

These auxiliary pulse currents AiF and AiR are 
respectively superposed on the pulse current il in 
synchronization with the rise-up time and falling time 

25 of the pulse current il respectively, so that the rise- 

up time and the falling time of the pulse current II 
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are shortened. The driving current 12 is shown in Fig. 
2C, and proportional to the input current II flowing 
through the line 1, so that the rise-up time and 
falling time of the driving current 12 are shortened. 
5 That is, the superposing means 30 superposes the second 

auxiliary pulse current AiR on the pulse current in 
synchronization with the falling time of the pulse 
current, and thus the driving current 12 falls sharply. 

The rise-up time and falling time of the waveform 

10 of the driving current 12 when the superposition is 

carried out are shortened as compared with the driving 
current i2 when the superposition as described above is 
not carried out. 

The waveform of the light output of the light 

15 emitting element 10 becomes slightly more flagged than 

the driving current by the time constant of the light 
emitting element 10 itself, however, the rise-up time 
and falling time of the waveform of the light output PI 
when the .superposition is carried out are shortened as 

20 compared with^ the light output pi when the 

superposition as described, above is not carried out 
(Fig. 2D). 

The downstream side of the other line 1 of the 
current mirror circuit 12 is connected to a current 
25 source CSl for defining the current flowing through the 

concerned line. In this case, the constant value of 
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the current II flowing through the concerned line 1 is 
stabilized through the current regulation by the 
current source CSl, so that the light emission 
intensity of the light emitting element ■ 10 is 
5 stabilized. 

The current source CSl is equipped with a 
transistor CSQl connected between the switch Ql and the 
ground, and a voltage source VR connected to the 
control terminal of the transistor CSQl- The 

10 transistor CSQl is an N-channel type MOS electric field 

effect transistor, and it is set to the source ground. 
The control terminal thereof is the gate, and thus 
constant current flows between the drain and source of 
the transistor by fixing the gate-source voltage of the 

15 transistor to a predetermined value with the voltage 

source VR. The predetermined value may be varied. 
( Second Embodiment ) 

Fig. "^3 is a circuit diagram showing a light 
emitting element driving circuit according to a second 
20 embodiment. 

Fig. 4A is a timing chart of the output of the 
pulse generating circuit. Fig. '4B is a timing chart of 
Ml and M2 gate charging current. Fig. 4C is a timing 
chart of driving current, and Fig. 4D is a timing chart 
25 of a light output. 

This circuit is different from the circuit of the 
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first embodiment only in the construction of the 
superposing means 30. The superposing means 30 of this 
embodiment is equipped with a one-shot circuit 31 for 
outputting one shot pulse voltage in synchronization 
5 with the rise-up time of the pulse voltage output from 

the pulse generating circuit 20, and a transistor 32 
which has a control terminal supplied with the shot 
pulse voltage and is connected to the downstream side 
of the other line 1 of the current mirror circuit 12. 

10 At the rise-up time of the pulse voltage (Fig. 

4A) the shot pulse voltage is input to the control 
terminal of the transistor 32, so that the first 
auxiliary pulse current AiF flows in the transistor in 
accordance with the shot pulse voltage and this is 

15 superposed on the pulse current described above. Fig. 

4B is a timing chart showing the sum of the auxiliary 
pulse current AiF and the pulse current as the charging 
current to the gates of the transistors Ml and M2 . 

By the superposing effect of the shot pulse 

20 current, the capacitance of the . gate of each of the 

transistors Ml and M2 can be more quickly charged than 
the case where no shot pulse current is superposed. As 
a result, the driving current 12 rises up .quickly, and 
thus the light output PI of the light emitting element 

25 10 has a shorter waveform rise-up time in accordance 

with the driving current than the light output pi when 
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no superposition is carried out (Fig. 4D) . In 
consideration of the fact that the emitting light 
waveform slightly flags in connection with the time 
constant of the light emitting element 10 itself, if 
5 the driving current 12 is more enhanced by the effect 

of the shot pulse current as shown in Fig. 4C than the 
driving current 12 before the superposition, the 
emitting light waveform may be further improved. 

Fig. 5 is a circuit diagram showing a one--shot 

10 circuit 31 for outputting the shot pulse voltage at the 

rise-up time of the input pulse voltage. 

Several inverting and amplifying circuits NOT are 
connected to one another in series from the input-side, 
and a capacitor CI is inserted in parallel at some 

15 position of this connection passage, an NOR circuit is 

equipped with the final terminal of the inverting and 
amplifying circuit NOT. H represents a high level 
signal, and L represents a low level signal. The NOR 
circuit is a circuit for outputting ^'L'^ when '"H" is 

20 input to at least one input terminal, that is, a 

circuit for outputting ''H'' only when ''L'' is input to 
both the input terminals. 

With respect to the input of the NOR circuit, one 
input to the NOR circuit is set from ""H" to "'L" by the 

25 inverting' circuit NOT during the initial stage at the 

rise-up time of the input pulse voltage (from L to H) , 
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and the other input of the NOR circuit before this 
input is ''L, " so that ""H" is instantaneously output 
from the NOR circuit. When the charging of the 
capacitor CI is started, the other input to the NOR 
5 circuit is set to ^'H," and thus the output of the NOR 

circuit is set to ''L". ' As described above, the one- 
shot circuit 31 outputs the pulse voltage of ^'H'' only 
at one moment. 

In the circuit shown in Fig. 3, the transistor 32 

10 is connected to the upstream side of the switch Ql, 

however, it may be connected to the downstream side of 
the switch Ql, that is, connected to the node point A. 
(Third Embodiment ) 

Fig. 6 is a circuit diagram showing a light 

15 emitting element driving circuit according to a third 

embodiment . 

Fig. 7A is a timing chart of the output of a 
pulse generating circuit. Fig. 7B is a timing chart of 
the Ml and M2 gate charging current. Fig. 7C is a 

20 timing chart showing driving current. Fig. 7D is a 

timing chart of a light output. Fig. 7E is - a timing 
chart of the output of the pulse generating circuit. 
Fig. 7F is a timing chart of the Ml and M2 gate 
charging current. Fig. 7G is a timing chart of the 

25 driving current, and Fig. 7H is a timing chart of the 

light output. 
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In this circuit, a current source (transistor 
CSQ2) is equipped at the downstream side of the 
transistor 32 of the superposing means 30 of the second 
embodiment . 

5 That is, the downstream side of the other line 1 

of the current mirror circuit 12 is branched, and one 
line la of the branched lines is connected to a first 
transistor CSQl (current source) for defining the 
current flowing through the line la. The superposing 

10 means 30 comprises a one-shot circuit 31 for outputting 

one shot pulse voltage in synchronization with the 
rise-up time of the pulse voltage output from the pulse 
generating circuit 20, and a second transistor 32 which 
has a control terminal supplied with the shot pulse 

15 voltage and is connected to the downstream side of the 

other line (lb) of the branched lines. A third 
transistor CSQ2 for defining the current flowing 
through the second transistor 32 is connected to the 
downstream side of the second transistor 32, and the 

20 "control terminals (gates) of the first and third 

transistors CSQl and CSQ2 are mutually connected to 
each other. 

The control terminals of the first and third 
transistors CSQl and CSQ2 are connected to each other. 
25 Therefore, when the voltage applied from the voltage 

source VR to one control terminal is varied, the 
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voltage applied to the other control terminal is 
proportionally varied- The first transistor CSQl 
defines the current flowing through the line la 
branched from the other line 1 of the current mirror 
5 circuit 12, that is, the main pulse current, and the 

third transistor CSQ2 defines the auxiliary addition 
current generated by the shot pulse voltage, that is, 
the first auxiliary pulse current. Therefore, the main 
pulse current and the first auxiliary pulse current are 

10 varied while being maintained a proportional 

relationship with each other. That is, in this 
construction, when the driving current 12 is increased, 
the first auxiliary pulse current is prevented from 
being relatively reduced. This will be described 

15 hereunder. 

Fig. 7A, Fig. 7E are timing charts showing the 
output voltage of the pulse generating circuit 20, Fig. 
7B is a timing chart of the Ml and M2 gate charging 
current in the first embodiment. Fig. 7F is a timing 

20 chart of the Ml and M2 gate charging current in the 

third embodiment. Fig. 7C is a timing chart of driving 
current 12 in the first embodiment, .Fig. 7G is a timing 
chart of driving current 12 in the third embodiment. 
Fig. 7D is a timing chart of the light output in the 

25 first embodiment, and Fig. 7H is a timing chart of the 

light output in the third embodiment. 
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In the construction of the first embodiment^ the 
absolute value of the auxiliary pulse current is 
invariable, and thus when the main pulse current is 
increased, the attribution rate of the auxiliary pulse 
5 current is relatively reduced. In this case, as 

compared with a case where the driving current 12 is 
set to a low value, the rise-up time of the driving 
current 12 is relatively longer. It is a matter of 
course that the rise-up time of the light output is 

10 relatively longer. 

On the other hand, in the construction of the 
third embodiment, the auxiliary pulse current is 
increased in proportion to the pulse current, and the 
auxiliary pulse current likewise contributes to the 

15 driving current 12 even when the main pulse current is 

increased. Accordingly, even when the driving current 
12 is set to a high value, the rise-up time of the 
driving current 12 remains short, and the rise-up time 
of the light output also remains short. 

20 In this embodiment, the voltage source VR is set 

as a variable voltage source. Accordingly, the 
magnitude of the driving current 12 can be switched as 
occasion demands. For example, the driving current 12 
is increased during an operation of writing information 

25 into a CD-R at high speed, and it is reduced during an 

operation of writing information into a CD-R at low 
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speed. 

( Fourth Embodiment ) 

Fig. 8 is a circuit diagram showing a light 
emitting element driving circuit according to a fourth 
5 embodiment. In - this circuit, the superposing means 30 

of the third embodiment is added to the superposing 
means 30 of the first embodiment to form new 
superposing means 30 as a whole. Other construction is 
the same as the third embodiment. 

10 Fig. 9A is a timing chart showing the output 

voltage of the pulse generating circuit 20, Fig. 9B is 
a timing chart of the Ml and M2 gate charging current. 
Fig. 9C is a timing chart of driving current i2 and 12 
of LD, and Fig. 9D is a timing chart of the light 

15 outputs pi and PI before and after the superposition. 

As compared with the driving circuit of the third 
embodiment, the effect of the superposing means 30 of 
the first embodiment, that is, the effect of shortening 
the rise-up time and falling time of the pulse current 

20 can be added, and the light emitting element 10 can be 

driven at high speed. 
(Fifth Embodiment) 

Fig. 10 is a circuit diagram showing a light 
emitting element driving circuit according to a fifth 

25 embodiment. In this circuit, a source follower circuit 

50 is added to the upstream side of the light emitting 
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element 10 in the driving circuit of the fourth 
embodiment . 

The source follower circuit 50 is equipped with a 
P-channel type MOS electric field effect transistor 52 
5 connected to the downstream side of the current source 

51, and an N-channel MOS electric field effect 
transistor connected between the power source voltage 
Vcc and the gate of the P-channel MOS electric field 
effect transistor 52, and the gate of the N-channel MOS 

10 electric field effect transistor 53 is connected to the 

source of the P-channel MOS electric field effect 
transistor 52. In this, circuit, the P-channel and N- 
channel MOS electric field effect transistors 52 and 53 
have the same gate-source voltage, and can control the 

15 Q-value of the circuit. That is, if the Q value is 

lowered by using a proper circuit constant, oscillation 
is suppressed in the driving current. 

Fig. IIA is timing chart of Ml and M2 gate 
charging current, while Fig. IIB and Fig. IIC are 

20 timing charts of the light output. 

When the pulse driving speed is increased (the 
rise-up time and the falling time are set to about Ins) , 
severe ringing (oscillation) is liable to be induced in 
accordance with the relationship between the output 

25 terminal capacitance and the wiring inductance from the 

output terminal of the IC containing the driving 
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circuit concerned to the light emitting element 10 (Fig. 
IIA) . The circuit cannot be practically used under the 
ringing state. Therefore, it has been believed that 
the waveform must be finally flagged by adding a 
5 snubber circuit, etc., to the output terminal in order 

to suppress ringing (Fig. IIB).- However, in this 
embodiment, by adding the source follower circuit 50, 
•an ideal output waveform can be achieved without 
ringing while very high-speed rise-up and falling are 

10 implemented (Fig. IIC) . 

That is, the light emitting element 10 is liable 
to suffer oscillation during the high-speed driving 
operation. However, since the source follower circuit 
50 described above is connected to the one line 2 of 

15 the current mirror circuit 12, the oscillation caused 

by the variation of the driving current 12 can be 
suppressed and the light emitting element 10 can be 
stably driven at high speed- The DC current from the 
current source 51 is supplied to the light emitting 

20 element 10 at all times . 

In any embodiment described above, the DC current 
may be supplied to the light emitting element 10 in 
advance to enhance the response characteristics. 
(Sixth Embodiment) 

25 Fig- 12 is a circuit diagram showing a light 

emitting element driving circuit according to a sixth 
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embodiment. The light emitting element driving circuit 
of this embodiment is different from the light emitting 
element driving circuit of the second embodiment in 
that a one-shot circuit 31a is used in place of the 
5 one-shot circuit 31. The one-shot circuit 31a outputs 

one shot pulse voltage at the falling time of the main 
pulse current. The effective falling time of the 
current flowing through the line 1 in synchronization 
with the input of the shot pulse voltage is shortened. 

10 The light emitting element driving circuit is 

equipped with a transistor 32a for controlling the 
current amount between the drain of the transistor Ml 
and the power source potential Vcc. The transistor 32a 
is a P-type MOS electric field effect transistor, and 

15 it is conducted by a low level voltage input to the 

gate . 

The transistor 32a is turned on only for a moment 
at the falling time of the main pulse current flowing 
through the line 1 before the shot pulse voltage is 

20 input to the transistor 32a, so that the charges 

accumulated in the capacitor between the gate and 
source of the transistors Ml and. M2 are quickly 
discharged and the driving current 12 is quickly 
reduced. That is, the negative second auxiliary pulse 

25 current AiR flowing in the opposite direction to the 

pulse current before the superposition is generated by 
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the transistor 32a. As a result, the output current to 
the light emitting element 10 falls sharply, and the 
light output also falls quickly. This construction may 
be combined with the light emitting element driving 
5 circuit described above. 

Fig. 13 is a circuit diagram of a one-shot 
circuit for outputting one shot pulse voltage when the 
pulse current before the superposition falls. The one 
shot circuit 31a is different from the one shot circuit 

10 31 shown in Fig. 5 in that the output of the NOT 

circuit at the last stage as well as the output of the 
NOT circuit at the first stage is input to the NAND 
circuit. When one pulse voltage is applied to the one 
shot, circuit 31a, a low level voltage is output from 

15 the NAND circuit in synchronization with the falling 

time of the pulse voltage. The circuit construction 
for increasing the speed of the response 
characteristics at the falling time may be combined 
with the circuit of any embodiment described above. 

20 The light emitting element driving circuit shown 

in Fig. 15 uses the source follower circuit, and a 
method of controlling the current flowing through the 
source follower circuit 50 with an input signal will be 
described hereunder. 

25 Fig. 14 is a circuit diagram showing a basic 

source follower circuit 50 which is well known. The 
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source follower circuit 50 shown in Fig 10 is such a 
circuit. Fig. 19A is a graph showing the relationship 
between the input voltage vin and the output isf^ Fig. 
19B is a graph showing the relationship between ■ the 
5 input voltage vin and the output ir. Fig. 19C is a 

graph showing the input voltage vin and the output iL, 
Fig. 19D is a graph showing the relationship between 
the input voltage vin and the output isf. Fig. 19E is a 
graph showing the relationship between the input 

10 voltage vin and the output ir, and Fig. 19F is a graph 

showing the relationship between the input voltage vin 
and the output iL. 

Representing a constant current source by il^ 
current flowing through the constant current source il 

15 flows through a P-MOS type transistor m2 to the ground. 

This current is proportional to current supplied from 
the power source Vdd through the N-MOS type transistor 
ml to the load 10. That is, the voltage between the 
source and gate of the P-MOS type . transistor m2- is 

20 equal to the voltage between the source and gate 

between the N-MOS type transistor, and the currents 
flowing through these transistors are proportional to 
each other, and also the variation of the Q-value is 
reduced by adopting such a circuit for the light 

25 emitting element driving circuit. In this case, the 

source follower current isf supplied from the source 
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follower circuit 50 to the light ' emitting element. 10 is 
set to a fixed value (see Fig. 19A) . 

The light emitting element driving circuit 
described above is applicable to players for CD-R, CD- 
5 RW, DVD-R, DVD-RW, etc. In these players, current is 

supplied to the light emitting element 10 at the signal 
reading time. A path to which the driving current is 
supplied at the signal reading time is set as a read 
channel 

10 Fig. 15 is a circuit diagram showing the light 

emitting element driving circuit in which the source 
follower circuit 50 shown in Fig. 14 is connected to 
the read channel. The light emitting element 10 is 
supplied with read current . ir and source follower 

15 current isf. The read current ir is a current flowing 

from a power source Vdd through one line of a current 
mirror circuits having two parallel lines. This one 
line is a path for current flowing through the channel 
of the P-MOS type transistor m5. The other line of the 

20 current mirror circuit is connected from the power 

source Vdd through the P-MOS type transistor m4, the P- 
MOS type transistor m3 and the resistor rl. The 
current flowing through the current mirror circuit can 
be controlled by controlling the voltage (gate-source 

25 voltage) applied to the gate of the transistor m3, 

The gate of the transistor m3 is connected to the 



33 



FP02-0218-00 



output terminal of an operational amplifier opl - 
Therefore, when the input voltage vin is input to the 
non-inverted input terminal of the operation amplifier 
opl, the output terminal potential of the operational 
5 amplifier opl is increased, the current flowing through 

the other line of the current mirror circuit is 
increased, and the current proportional to the above 
current flows as the read current ir to the one line. 
When the current flowing through the transistor m3 is 

10 increased, the current flowing through the resistor rl 

is increased, and the source potential rises up to 
reduce the gate-source voltage. In addition, the 
instantaneous voltage between the inverted input 
terminal and non-inverted input terminal of the 

15 operational amplifier opl is also reduced. Therefore, 

the increase of the current flowing through the other 
line by the operational amplifier opl suffers feedback, 
and the read current is linearly increased with respect 
to the input voltage (see Fig. 19B) . A resistor r2 is 

20 connected between the non-inverted output terminal of 

the operation amplifier opl. 

The current iL supplied to the light emitting 
element 10 as a load is a read current ir shown in Fig. 
19B and an addition current of a source follower 

25 current isf. The read current ir is controlled by the 

input voltage vin, however, the source follower current 
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isf is not controlled by the input voltage vin. 
Therefore, as shown in Fig. 19C, even when the input 
voltage vin is equal to OV, the output current iL 
contains the source follower current isf having a fixed 
5 level. Even when such a current is supplied in advance, 

there is no problem, however, it is preferable to 
reduce the source follower current isf in accordance 
with the input voltage vin in order to reduce needless 
power consumption. 

10 Prior to the description of the circuit thus 

constructed, the source follower circuit 50 for varying 
the source follower current isf independently of the 
input voltage vin will be described. 

Fig. 16 is a circuit diagram showing a light 

15 emitting element driving circuit added with a current 

source Sil for supplying variable current il to the 
transistor m2 of the light emitting element driving 
circuit shown in Fig. 14. The source follower current 
isf and the variable curreni: il are substantially in a 

20 proportional relationship with each other in a 

practical current range. The variable current il of 
the current source Sil comprising the P-MOS type 
transistor can be controlled by adjusting the output 
voltage of the variable power source vl for controlling 

25 the gate potential of the P-MOS type transistor. By 

combining . the source follower circuit 50 described 
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above with any light emitting element driving circuit 
described above, the source follower current isf can be 
varied . 

Next/ a source follower circuit in which the 
5 source follower current isf is varied interlockingly 

with the input voltage vin will be described. 

Fig. 17 is a circuit diagram showing a light 
emitting element driving circuit having such a function. 
It is different from the light emitting element driving 

10 circuit shown in Fig. 15 in that the current source il 

is constructed by a current mirror circuit 50 
comprising two transistors m7 and mS, and in that the 
transistor m6 is connected to the input-side transistor 
m7 in series, the transistor m6 is connected to the 

15 transistor m3 in parallel, and the same voltage as m3 

is input to the gate of the transistor m6. The current 
flowing through the transistor m6 is proportional to 
the transistor size ratio thereof to the transistor m3 . 
The current flowing through the transistor m3 is 

20 proportional to the current ir supplied to the light 

emitting element 10, and these currents are 
proportional to the input voltage vin. The current 
flowing through the transistor m3 is proportional to 
the input voltage vin, so that the current flowing 

25 through the transistor m6 is proportional to the input 

voltage vin, the current flowing through the transistor 
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m8 of the current mirror circuit which is paired with 
the transistor m6 is proportional to the input voltage 
vin, and the source follower current isf of the source 
follower circuit 50 using the current mirror circuit as 
5 the current source is proportional to the input voltage 

vin (see Fig. 19D and Fig. 19E) . 

The current iL- flowing through the light emitting 
element 10 as a load is equal to the sum of the 
variable current ir and the source follower current isf^ 
10 and thus the current iL is proportional to the input 

voltage vin as shown in Fig. 19F. 

The transistor m7 is a P-MOS type, and the drain 
thereof is connected to the drain of the N-MOS type 
transistor m6. The transistor m8 is also a P-MOS type. 
15 The node point of the downstream side of the transistor 

m6 corresponds to the node point between the downstream 
side of the transistor m3 and the resistor rl, and both 
the current flowing through the transistor m6 and the 
current flowing through the transistor m3 flow through 
20 the resistor rl, and in connection with the increase of 

these currents, the potential of the node point rises, 
and excessive increase of the current can be suppressed. 

Fig- 18 is a circuit diagram of a light emitting 
element driving circuit having the same function as Fig. 
25 17. In this circuit, • the transistor m7 shown in Fig. 

17 is substituted by the transistor m4 . In this case, 
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the transistor m6 is common to the transistor m3, and 
thus it is naturally necessarily omitted. 

According to the circuit of Fig. 18 and Fig. 19A 
to Fig. 19F, when the input vin is equal to 0 (V) , the 
5 load current iL can be set to 0(A). Furthermore, a 

user is not required to pay attention to the source 
follower current isf, and thus the circuit design using 
this circuit is easily performed. 

When the circuit shown in Fig. 17 or 18 and the 

10 circuit containing the one-shot circuit described above 

are combined with each other, a current supplying 
current source (transistor m3) is connected to the 
input-side line of the current mirror circuit for 
supplying current to the light emitting element 10, and 

15 the respective circuits may be connected to one another 

so that the current flowing through the source follower 
circuit is proportional to the current flowing through 
the above current source. 

For example, in the case of the circuit shown in 

20 Fig. 10, the source follower circuit 50 may be 

connected so that the transistor CSQl is the transistor 
m3. In this case, the amplitude of the pulse current 
supplied to the light emitting element 10, that is, the 
pulse height value can be determined by controlling the 

25 transistor m3. When the transistor m3 is connected as 

a different element to the transistor CSQl in parallel. 



FP02-0218-00 



the DC level of the pulse current supplied to the light 
emitting element 10 can be determined. 

As described above, it is preferable that the 
light emitting element driving circuit shown in Fig. 17 
5 and Fig. 18 is equipped with a source follower circuit 

50 • connected to one line (a line at the transistor M2 
side: see Fig. 10) of the current mirror circuit, and a 
current setting circuit (m8, ml, m6, m3, opl, rl, r2) 
for setting the current so that the current flowing 
10 through the source follower circuit 50 is substantially 

proportional to the current flowing through the other 
line (a line at the transistor Ml side: see Fig. 10) of 
the current mirror circuit. Here, ^^substantially" 
means that it does not conform with a strict 
15 theoretical equation, and the relationship may be 

displaced by several percentages- In this case, by 
carrying out only the setting in the current setting 
circuit, the current ir supplied from the current 
mirror circuit to the light emitting element 10 and the 
20 current isf supplied from the source follower circuit 

50 can be made to be substantially proportional to each 
other. That is, when the current supplied from the 
current mirror circuit to the light emitting element 10 
is substantially equal to zero, the current supplied 
25 from the source follower circuit to the light emitting 

element 10 is substantially equal to zero. 
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Furthermore, the current setting circuit has the 
current controlling transistor m3 equipped to the other 
line of the current mirror circuit, and the transistor 
m3 and the source follower circuit 50 are connected to 
5 . each other so that the current source m8 for supplying 

current- to the source follower circuit 50 is controlled 
by the input to the control terminal of the transistor 
m3 (the gate in the electric field effect transistor, 
the base in the bipolar transistor) , and the 
10 construction of the circuit is simple. 

According to the light emitting element driving 
circuit of the present invention, the light emitting 
element can be driven at high speed. 
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